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Biocompatible ferrogels are the advanced materials, which gain atten-
tion both from the theory and from the viewpoint of prospective bio-medical
application in actuators and biosensors. The ferrogel contains the polymeric
network of a water soluble polymer, which provides its mechanical elasticity
and the magnetic particles embedded in the network, which give the sensitivi-
ty of the material to the external magnetic field. The target properties of fer-
rogel such as mechanical ones are subjected by the complex combination of
the molecular and interfacial interactions in its structure.

The objective of the present research was to study the interactions in
the ferrogel based on polyacrylamide (PAAmM) with embedded iron oxide
(FeOx) magnetic nanoparticles (MNP) in respect to the selected mechanical
and magnetic properties. Therefore two model systems: the suspension of
FeOx in the solution of linear PAAmM and the binary composite of linear
PAAmM and FeOx, were primarily considered.

First the adsorption of linear PAAm at the surface of MNPs was
measured using the refractive index for the determination of the residual pol-
ymer concentration in the supernatant solution. It was found out that the ad-
sorption of PAAm strongly depends on whether the suspension of MNPs is
electrostatically stabilized or not. In the latter case the positive adsorption of
PAAmM onto FeOx MNPs was found with its maximum 9.4 mg of PAAmM per
1g of FeOx at 1.35% in the supernatant solution. However, if sodium citrate
(NaCit) was used as the electrostatic stabilizer of MNP suspension mixed
with PAAm solution, the adsorption was found negative, which meant that
PAAmM macromolecules were repelled from FeOx surface.

The negative influence of NaCit on the interaction between PAAm and
FeOx MNPs was also shown by measuring the enthalpy of interaction in bi-
nary composites PAAm/FeOx. Therefore, composite films with FeOx content
0 — 90% were cast from the mixed suspensions and the enthalpy of their dis-



solution in water was measured by means of Calvet microcalorimetry. The
enthalpy of interaction at the PAAmM/FeOx interface was calculated from
these data using the appropriate thermochemical cycle. It was found out that
the enthalpy of adhesion for the composites with no NaCit approached for
saturation (-10 J/m?) for increasing concentrations of PAAm. The negative
enthalpy shows that the adhesion is an energetically favourable process. If
NaCit was involved in the composites the values of the enthalpy were posi-
tive and indicated that there was no adhesion.

Based on these results it was concluded that while ferrogels were syn-
thesized by PAAm polymerization in the suspension of FeOx MNPs stabi-
lized by NaCit, the latter efficiently prevented interaction between PAAM
subchains of the network and the embedded MNPs. The synthesized ferrogels
with the MNP content up to 3.8% by weight were subjected to the studies of
the swelling degree, the Young modulus and the magnetostriction in 400mT
uniform magnetic field.

It was shown that the swelling degree of the ferrogel is independent on
the mass contents of MNP and lies around the value of 30. The Young modu-
lus showed a behavior unforeseen by the theoretical expectations. Instead of
the linear dependence on the volume fraction of MNPs it showed very steep
increase to saturation at very low MNP content. Concerning the magneto-
striction no effect could be measured. A theoretical approach showed that the
MNPs were too small to be affected by the field at a given level of the modu-
lus of gel.
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Pacmmpenne oGnacteil MpUMEHEHHS M YCIOBHUI SKCIITyaTalluy TIOJIH-
MEpHBIX MaTepuajoB, a TaK)Ke UX HE3aMEHHUMOCTH B OOJIBIIMHCTBE W3JCITHH
OBITOBOTO ¥ TEXHHYECKOTO Ha3HAYE€HHs TPEOYIOT KaueCTBEHHOT'O HCCIIE/I0Ba-
HUS MX MEXaHHYECKUX CBOMCTB U, IPEXKIE BCETO, AedopMaruy Ipy Hoia3yde-
cTH. MOXXHO TPEATOJIOXKNTh, YTO BEIWYMHA M CKOPOCTH MOJ3Y4YECTH TIOJIH-
MEPHBIX IJICHOK KOHTPOIHUPYIOTCS CTPYKTYPOH TICHOK.

B 3701 cBs3M mpencTaBiseT HHTEPEC UCCIEeIOBAaHNE TOJI3YIECTH IUIe-
HOK TIOJINMEPOB, MOJYYCHHBIX B YCJIOBHSX MAarHHUTHOTO IIOJIS, IOCKOJBKY



